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Abstract

This project proposes of the response and solve problem for the elder, the
disabled and the sick people who are inconvenient to move. So, they need to use the
electric wheel chair with speed and direction control to move, The project presents the
development and design for the electric wheel chair from the previous by changing motor
from brushed dc motor to 24V 250W brushless de motor and using IC ‘MC33033’ for
controlling of MOSFETs in DC-DC Chopper. The DC-DC chopper in this project includes 6
switches MOSFETs with frequency of 10 kHz by using IC “MC33033’ to control speed and
adjusting the pulse-width of switch MOSFETs to match with twisted accelerator and signal
position of motor from encoder. From the test result, this electric wheel chair has velocity
5-20 km/hr on plane and it is able to run up to 15-degree slope from ground and that the

available load is 40-100 kg.
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2.4.2 AuENURALUALADT
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=
2.4.3 UseinnuasiuaLnges
o a9 e W @ '
wusmesidugunsalliiuedialddmiuifundsaulniwazirseenlaoanin
‘uamé’amulﬂﬁn%gnLﬁulﬂugﬂuw‘uadamﬂﬁLLa:fuanLLanaanmﬂulwﬁﬂummﬂwixmm
42 : E i
vasunnastuasanusiulsziamingiqla 2 Ussinnde
=J = 3 -
1) Wusnnasviln aaugugil
o w. a & BE ap. - v v oA a ald
LuUALAasTladllununaasniulaasafansaldualie (esarsiednlelunis
wWasuglvasansiadlndulvihduldvunas sstunuairesviatdlannydmu
¢ - 1
aunsalawnadnuaiAABUEE@LAIN

d a § a a
2) LUALARIUUA Lﬁ'daa‘V]GIEJQLI

d a g

& a4 7 ) a o d a ¢
LLUWLW@TU‘U@]UL‘TJULLUG\LWBiV]ﬂiQ‘UqﬂJﬂULLUUL‘UaﬁUﬁNﬂﬂJ PILUALADIVUALYAA

3 Y
o

4 e %) v oA - s = v
wAggitlarannsaltauldedes iWesinarsindfldluniswdsusuwuuiiu
anunsavilinduluegluguuuuiiulilagnisiudsglnimienszuiumse

a =

dy d =y o/ 1 1 - s dy
uaﬂmmuummawummaéiqman“ummmﬁmmaaaaaamﬂu 3 YUARNIU

1) wumwasriifideciuiindunaonizai(Conventional Battery)

2) LLumLﬁ@%‘ﬁﬁﬂﬁﬂ']qq%’nmﬁaa{Hybrid Battery)

3) wunimeTulnilifesnisuigsinu(Maintenance Free Battery)
TnsdmiuuunmeFutailifoansiigsinuilannsouseentdifiu 3 wndesiuiu Ao

1) wiatwet cell)

2.) wiaaaGel cell)

3.) wlauraDry cell)

q‘ =} = dl
M99 2.5 A510UTHUINBULUALADT

Attributes Ni-Cd Ni-MH Li-lon
Self-Discharging Yes Yes no
Memory Effect Yes yes (less than Ni-cd) no

charge before no need to do
Storage discharge before storage
storage something special
Shape Cluster cluster / slide slide
Term Of Storage 12 Month 12 Month / 24 Month -
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o v = o el 5 v o w 1l
INA1T199 2.5 agiulernunmesuuvaifieu-lessy uu‘[wmaaiw%qaluu

'
[ =Y 1A Vo @ =t

Memory Effect Wmtiniuiuazlillufivnefawindey tadededamdenlduuamodsdauaiuy

Y

i
- - = al =

amam-laaamﬁmmm%uuummaiwummuwgaLLazﬁmmmmsamﬁm%‘mmi%’alm%’aﬂﬁﬂﬁa

o

Welavimsadeuiisusunmesiduiiuseneunisanaulalunisidendennsiedi 2.5

eXe

2.4.4 yunmadaiiey-losay
wumnasyiadifion-lesou HunummedvinUsealilvlld Tnevdnmsvinay e
Uaae lithium ion 371n9au (anode) lUd's F1uan (cathode) Lﬁiaﬂawﬂisq(discharge) Ay
nduify Weusey (charge) Auiea-lossuazindeuiinindauan lWdsau
mema'%fﬁLﬁam-laaauﬁﬁdauﬂixﬂauﬁugmwé’ﬂ 3 dau adnefuLUmAEIIY

2/ 2
o s as

silFanivih 110N 9Iau waz d1sdenatailuii (cathode, anode & electrolyte)
1. Jagiflenldlunisyinaiay
A9 Wyisau graphite (M3eo1atluansdundn 1y silicon, sermanium)

(v

2. faniividauanazdu
fio uiuuiadou (layer) voa15UsEnBY lithium flesliagiior 3 wuu
1. oxide 1 lithium cobalt oxide
2. polyanion i lithium Iron phosphate
3. spinel 1 lithium manganese oxide
3. Bannslan
o mauwaa*?fag’i.ugﬂt,ﬂﬁaﬁl,ﬁau & FYNazaudunsY (organic solvent)

A @ w - = a a 4 | & &
LW@LUum’Jﬂa'Niurl'ﬁLﬂaaUVlﬁUﬂqaLw UN-VLEI@E]U(LH-) 1UN73$W?7Q’U?U?HLL53T?§U

LITHIUM ION

LiFePQ,

JLFP-3-85

JUN 2.16 wunnesaliioy-looau
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-] v d .
24.5 msm‘gﬁnw’lmema‘umwﬁa (Dry Cell Battery Maintenance)
2.4.5.1. Mmsenszualnih (Discharge)
b4 < 1 @t =y o [ Y a 1
1.1 milfauuusmeiagraminiiuanudnduOver Load)azdwmaliiinnsane
a 1 &l < o ; = < o
IfAundriuuaneIavaiusadule(Over Discharge)danafiniuanAoegnisldauaes
4 o o v < o o v g v
wuatmesduasiitunsldauiuameiuvuiteinwmasldaununneilisnonssualwi
< ;
Uszuniu 70-80% 189AUUUAADS (Capacity)
Ad 1 !
1.2 mnuguaslunmeIiNafanNUENaNTIEn T LAl
- da Y &, < .
1.2.1 Weuuameiinsldaulunaiu anuguuaneiazanatniy cycle life

ErY <
VBIULURALAIDIAINITINN 2.6

| Y <
ANTNN 2.6 MTNERS Cycle life YaUALRBS

Year of invention,

Energy density Nominal

discov?r\.r orl (Wh/1) vojtage Cycle life
commercialization
Lead acid 1859 75 20 400 - 600
Nickel cadmium 1899 100 12 300 - 500
Ni Metal hydride (NiMH) 1901 220 1.2 300 - 500
Standard alkaline 1949 200 15 non-rechargeable
Li/MnO2 primary (aka Lithium primary cells) 1992 500 3.0 non-rechargeable
Silver-oxide (e.g., 357 button cell) 1950 400 1.5 non-rechargeable
£ Lithium iron phosphate (LFP) 1997 200 3.2 3000+
2 & Lithium cobalt oxide (LCO) 1991 600 38 500
pr Lithium nickel-cobalt aluminum oxide (NCA) ca. 1995 700 3.7 300
Ethanol ca. 1860 5,800
Gasoline ca. 1885 9,000
Uranium (nuclear fission) 1938 428 x10°

a =l = ) = o
A1399 2.7 Asumsgeivangnisreaaaiisunuilinduvesgumgiuas sy

A15%159
i Lead acid Nickel-based Lithium-ion (Li-cobalt)
emperature
at full charge at any charge 40% charge 100% charge
0, o/
0°C e 99% 98% ik
0, 0,
25°C - 97% 96% g
)
40°C 62% 95% 85% %
= 38% N . 60%
SU'L {after 6 months) 0% 5% (after 3 months)
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2.4.5.2 M3Uszln (Normal Charge)

2.1 Tuuslazfuazsdosiinisusegliiuummed Tnefiaededlilionmgdvasdidn
Tnslad guiiu 50°C wavmsannszualunisuseglndedesiuldligumgivedidninglasgedu

2.2 mwaau‘lﬁuﬂvjﬂumsﬁaﬂgnnﬁaﬂwsﬂmlw&faqLLﬂuﬂix%'me';Qnﬁaa
Charger aglusumia Off 1ile On Charger wdunaavieviutdninmzeramliiindsynne

Ingsazludunsiereazmulndanensgminilainuduiuais Cut Off Power Source

2.4.6 STUUBISD
2.4.6.1 NSV UAABIATEL-loaau
¢ a ' ¢ | o € pu|
L‘UﬁﬁLL‘UG\Lﬁla‘iﬁlul‘lﬁmuﬁlﬁgﬂ‘lj’]iﬁ]ﬂﬂ?'lmmﬂéﬂﬂEi 4.2 V +/- 0.05 laginseuiuns
Yr5vvvannsowuslaiu 3 sees
=l ¢ W = — ¢ ayv v |
sepEN 1 N3350 8nsELaLALA(current limit) AutwaaLUALADS LAAINANY
s a‘a} o 2, A o :,( =1 [~ L3 as 1
Anonmuualiisudn)szazduiloudunisvsaludasiiss
cJ € 1 L3 4 1 & = s 1 s L3
JEULN 2: NIV MLYRALUAADTUAALLYAE DIILAUAINANFNG AR
; vl 9 @ ' o Py = ¢ a w
(maximum voltage limit) A iun1saAsednUTey luszeslinssiavauniesvisanidd cell
@ - ° | ) =
zana(mugy 2.17)ua¥asinn13u5ALaNTERARINIY 3% VDITRTINTELALRTE
* = 2 r:\ 2 & & % . [
T2UEN 3 @ NIV URLLANLIUUAS 19 (occasional topping charge) LUuN1S

Wdssgdunssrsivssanns 1 afmn 500 v,

Woltage / Cell

== == = = Charge Curent

e1 Stage 2 Stage 3

lubax. ;ta“rﬁe current : Max. cell \ollagee is reached, : Ocsignal

is applied unkl the 1 Charge cunent starts to dro 1 topping charge,

cell woltage limtis 1 as full charge is approached. ' about 1 per

L’Eﬁ&b!ﬂ 1 1 I m
1256 T i T T
1 1 \r
) ) |

1,004 A : =
& i | |
2 5 : :
& 0.75%3 L 3 A .
-] oy | |
Q ] E 1 1
a ! \'\ 1 i
3 ooty ' Rk Teninate '
[ | N charge when I
S 1 \_\ mn;etga < 3% m |
0251 1 a rated curre !
: k. A —~ 1 :

; e i ——
1 2 i)
Time (hrs)

JUN 2.17 wamnanismianuswmasyiindiiien-looauis 3 szez
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=

Falnpunfuduunnedaiisu-lesouazannsovanunmesauduldnisluna
3 dalusegslsfinunsusauunmesvindiion-lesoutiuitenssy Sail
1) llesudedliiinnme deep discharge (msldauuuavusinass) ns1zazyin
9 batt lAnAMILAIEA (battery strain)
2.) ileannuunmeiadion-lesaulslll memory effect wilou Ni-Cd e Ni-MH
ﬁaﬁumwﬁmﬁuﬂixﬁ;ﬁam (partially charge) %fimaﬁﬂ’h?jqé‘l%'é'aulmyj
p1adadnlafin

2/ g

da = 1o Eg = . é: T
3.) wusimeiaifisy-lesaulddndudadinisnszduigad lunisldmseusn (initial
: ; - - : < o q w ¢ v =
activation) tvilau Ni-Cd w38 Ni-MH fiuugdilveisansawsni 17-18 .
o da a 1 )
wznahnuredwunmeIaifivy-lossulignesnuuuanlsunisuszquuu
trickle charge
A 1 i o v & o
4.) ms¥rsannszuagelalivinliszeznainsviislaesananasuininingzae
< | « P Ve T - 1 =8
Wun1sisesrezeain1svsaseesn 1 Tits voltage limit 132ULANFADITE
Vad@ImsU topping charge lulanssves 1 uay svoy 2
— il Jw “wg ' oA < = a ¢
5.) M3YTAMIYAIUANANEAINI1ALYIBEADEUUALABITAINTUN 2.18 891159
MgusInuatuwiglanunIuLaisauaniiuangnisle(cycle Life)
=
anas

11004 =T Tt
10001 |
ID-
B0O-
7004
Q. 600+
sm-

Capacity(mAh)

100 200 300 400 500
Number of cycles

3UT 2.18 uanansmanuduiusszninennnuuazdui cycle life vesuunmesdifioy-lessy

6.) N15ANNTEULATBINTSYIIY LagNISAINTELARDNNN MY (discharge current)
miniindugyi liuamesideniHduainlugy 2.19 nsvrsanasnis

fav15an 1C agvlvuumnasinunit 2C uay 3C auansiu
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= al | P o o
WeEme : C=current=Uiunanssuanuuavdesyszqesnunaunaaindsadiedl load nely 1
& | ' =la v dd o« o =
Dlusiguminse load Nunszwa 800 mA wiuumaesnusafuuaniely 1 daluawed C f
1 s s g v A é 1
WU 800mA , 2C = 1600mA Uag 3C= 2400mA Fsliuasiiuladinnisuszglwinssuanininag

' w [ 4 - i -
dealionensldvesuuameinuudiu cycle life 81y

Cycle performance at various charge/discharge rates

g 700 1C Charge. 1C Discharge
E
8 S00 2C Charge, 2C Discharge
8
% 300
8 Charge: 4.2V -
Q Discharge: 3.0V 3C Charge, 3C Discharge
g 100 Temperature: 23°C
L T T L)
0O 100 200 300 400 500

Number of cycles

o at at 1 = 8/ o . <
3un 2.19 wanInIMAMLANRUSTE IS sTE N uLaY U cycle life ypLUALADS

Avey-looau

v ¢ o o ° )
7.) maiunuanlulaldaiseisan 40% auguazivlufidusadududes
° & P2 o = )
tnsadiuaisasrafelivawslnignldlunnmeasmunueruuasass
YDALUNLADT

8) wniiddyiimsyilnsanenisldnuasidulsanalneie lmsivuund
B3 (fully charged) Wluflgamgfigataulusoiisouidesan a 9ad
yadunniinisiinunuunfisaumgiivagyiau(operated temperature)
iy 45°C aguidensiivlilusainnuanieuasiainligumniaei
wn

2.4.6.2 winmsmsauunmeIadiey-losay

ileiin158AUseq (charge) losauvasdifisuvzindousanainlaswainewestuin

1amﬁmeum‘sUizﬂaumm§Lﬁammsm%nauuawmmﬁmﬁ’u%ﬁnmsau

See

WU DLEDNHIWLYN

Qe

ALLARDUIINTIUIN

=

G
diauriuvsneuenuarvaziinnisaelse(discharge) Uiji3enaziin
lumnssiudrudouanslunind 2.20nszurunsilessuresdifisnaaaunsnidlueglu

lassafewesiantivinvietaaudenda lithium intercalationyi3® Lithium insertion
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P~ ] s o da a o
JUN 2.20 uanevannsinuveLUsLReIaTieu-lopauvnEanUIq

2.4.7 msthuuaned ey

-3 A £ } 73 & o IJ 5 o
1. For cycle use msuuusieesliulgauuarldlamvuaudituuaneItuuisii

¢ =) s L3 =]
N55IINA Famunzauiumsvisauuuisy (fast charge)

o L3

o & 8 % ot
2. RQrF Standby use ‘LHEUQJEVILLUWLWQENUQxﬂﬂmqﬂ’]sﬁflsq}maaﬂan’]‘L%\jju RN

U

WHIENUNTS NN TEAULSIAUNISIIAANTLULATISD

2.5 noeuadinn
2.5.1 uven (Metal Oxide Semiconductor Field Effect Transistor: MOSFET)
ueaLa(Metal Oxide Semiconductor Field Effect Transistor: MOSFET) 43 u
gunsalansfeinhifinisiauludneasiuaussiudunszua nssuaildiunauiann
BuinnsounIeleadaudunvzdraunn(Majority Carrier) ﬁua&jﬁ’udwqﬂﬂsfﬁ renanuneainn
BUABUNMOS) ouaanvlafi(PMOS) weamarunsouuslidu 2 Ussan laun uoa
ALUUANGTU(Depletion) uazupanaLUUIDUBUTEIUY (Enhancement) YaalnpusazUsewny
daanunsanusgoslaen 2 atln Ao voanavlnldu(NMOS) %ﬂﬁUSBﬂW’}ﬂtatﬁﬂﬂi@UL@uﬁ?ﬂﬂ

nivlaLavueamavilai(PMOS) Galussawvelaallusitnszua
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Source UGs Ups
0

Metal
Oxide clectrode

/

f

L/ V1

Channel "i |
-— | —=
p-type

}

(Substrate bias)

(n

Source metal Poly gate Gate oxide Drain metal

Source Drain  Field oxide

pssubstrate

()

o 1) ¢ € a aa Y
UM 2.21 Tassasvesmeaimauuuidusudifiuisilawu (n) o 3 i waz (1) Mnmthda

-4

o 4 Lo )
JUA 2.21 uanslansasnaveseainuuuiousudidiuividadu(NMOS) dvea

& . -1 ' = o '
(Source) wagUnsuU(Drain) Qﬂﬂ'i'N‘UUIﬂEJﬂ"I'iLL‘WTe]3?‘!91137iL%@’UHﬂLSHﬂﬂJﬂ’J?ﬂJWUWLL‘LJULI']ﬂ

i
s 4

(Heavily Doped N-Type Region) inlulugiuses(Substrate) vavansisinietind Faduudu
wﬁﬂgﬁﬁﬂaug‘dLﬁ&l’)(Single»Crystal) ﬁﬁﬂ?’mmeLﬂuﬁaa(Lightly Doped P-Type Substrate) 1
\ne(Gate) azidudruveolang(Metal) w%a’ﬁgu‘uaaiwﬁ%ﬁﬂau(PoLy-Si[icon) %’auagiuu'ﬁgumm
panladszninstunsunariages laolsrogni useninstamiasaiuninusnveweawn
(Channel Length; L) wazilszazn19a1ud14(Side-Wall) 1 uaunitsvesuaaina(Channel

e € a o = 1% s

Width; W) Tassadsvestaanuuuidusiudiiuivdai(PMOS) aildnvazadunisiuued
winuuudusudiduiviaidu(NMOS) usavaduiu Ao ueawauilafazusznausenangiuses
vliaduN-Type) Aiarumuuiutiosuasinsunsasnevasidovdafindrmumunutiuanndd
Wgwseaiefuimeauazdaunsu Uil 2.21 wansdydnvalveseamnuuuidusudiiuing

11']711WﬂﬂﬁiﬁﬁﬁadiﬂiﬁﬁgﬂﬁuﬂﬂLwﬁ
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5U 2.23 guUnsolpaimin

= o ] L3 L= &
NFUN 2.23 uansgunsninmueduwanignilildluasesssesveawineswendusinduazisas

andls pauneined Meunsaluedmnansalinszudlvariuduauannls

2.5.2 nMsludausamnuiinssus

< @ v v =
9INFUTN 2.24 uansn15UsoulTIAUATUINKTINV N AT BUA VUG (Ves) T4

L% = = © Y a 1 - I ! @ al
bIIPU Vs ll‘lﬂﬂﬂLWUGWSQS‘V]’]‘LWLHW’UENVI’NLﬂu‘U'ENﬂ'i%LLE‘I‘i%Wﬂ\‘]‘U’E‘ﬁBﬁ LR UNATUATLIINUN
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2.7.1 29959818 uuunauina (Inverting Amplifier)
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Feature BLDC Motor Brushed DC Motor Actual Advantage
Electronic
commutation ; : g
Commuthin VAR R Mechanical brushes and Electrm:c sw:tches replace the
X commutator mechanical devices
position
information
;o 4 Voltage drop on electronic device is
Sl | High Moderate smaller than that on brushes
Maintenance Little/None Periodic No brushes/commutator maintenance.
Only the armature windings generate
Thonial heat, which is the stator and is connected
Better Poor to the outside case of the BLDC . The
performance =
case dissipates heat better than a rotor
located inside of brushed DC motor.
Output Power/ :
Eratg Size High NIBorS I oW IModem permanent magnet and no rotor
: 0sses.
(Ratio)
Speed/Torque -
Chasactarictis Flat Moderately flat No brush friction to reduce useful torque.
Dynamic Ech S{oW Lower rotor inertia because of permanent
Response magnets.
Speed Range High i No mechanical limitation imposed by
brushes or commutator
Elaatiio Neisa b o High No arcs from brushes to generate noise,
causing EMI problems.
Lifetime Long Short No brushes and commutator
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Abstract

This project proposes of the response and solve problem for the
elder, the disabled and the sick people who are inconvenient to move. So,
they need to use the electric wheel chair with speed and direction control to
move. The project presents the development and design for the electric
wheel chair from the previous by changing motor from brushed dc motor to
24V 250W brushless dc motor and using [C *MC33033" for controlling of
MOSFETs in DC-DC Chopper. The DC-DC chopper in this project
includes 6 switches MOSFETs with frequency of 10 kHz by using 1C

‘MC33033" to control speed and adjusting the pulse-width of switch

MOSFETs to match with twisted accelerator and signal position of motor

from encoder.

Keyword: Electric Wheelchair, IC “M(C33033°, Brushless DC Motor
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CLAMP METER ':fu CM-9942G
seaziden I ACY, ACA, DCV, ohms,
HZ, Capacitance, Diode
dunsmilandiu Auto Range

ferdu “A” dwmsuta ACA

Wardu “v” dmsuin ACV, DCV
Handu “Q” dwsuin Resistance,

Diode, Capacitor

Digital Multi Meter (Hewlett Packard)

U 973A

570adYA Vac or Vdc : 1000/1000 Volts
lac or Idc : O to 10 Amps
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MC33033, NCV33033

Brushiless DC
Motor Controlier

The MC33033 is a high performance second generation, limited
feature, monolithic brushless de motor controller which has evolved
from ON Semiconductor’s full festured MC33034 and MC33035
controllers. It contains all of the active fimctions required for the
implementation of open loop, three or four phase motor control., The
device consisty of a rotor pogition decoder for proper commutation
sequencing, temperature compensated reference capable of supplying
sensor power, frequency programmable sawtooth oscillator, fully
accessible ervor amplifier, pulse width modulator comparator, three
open collector top drivers, and thres high current totem pole bottom
drivers ideally suited for dnving power MOSFETs, Unlike its
predecessors, it does not featwe separate drive circuit supply and
ground pins, brake input, or fault output signal.

lnc]ndcd in the MC33033 are protective features comsisting of
undervoltage lockout, cycle-by-cycle current limiting with a
selectable time delaved latched shutdown mode, and internal thenmal
shutdown.

Typical motor control fiunctions inchude open loop speed, forward or
reverse direction, and run enable. The MC33033 is designed to
brushless motors with electrical sensor phasings of 60%300° or
120%/240°, and can also efficiently control brush dec motors.

i i S o

Features

* 10030 V Operation

¢ Undervoltage Lockout

* 6.25 V Reference Capable of Supplying Sensor Power

* Fully Accessible Emror Amplifier for Closed Loop Servo
Applications

* High Current Drivers Can Control Extemnal 3-Phase MOSFET
Bridge

® Cycle~By—Cycle Current Limiting

* Internal Thermal Shutdown

® Selectable 60°300° or 120°7240" Sensor Phasings

¢ Also Efficiently Control Brush DC Motors with External MOSFET
H-Bridge

* NCV Prefix for Automotive and Other Applications Requiring Site
and Control Changes

# Pb-Free Packages are Available

[ ¢ LhE pent 1
January, 2007 - Rev. §

PDIP-20
P SUFFIX
CASE 738 20
1
S0-200
DW SUFFIX o
CASETS1D
1
PiN CONNECTIONS

o o [T° [Fer
°“‘“| wE]|  [F o
Fdey [ 3] 18] 00"/ T8 Selot

8 [4] (7] As

m&E :]l.m

s [0} 18] 6
Feorene Oupet [ 7 (1] Vo
Oscitaer (8 1) and
WME 12 | Correst Sense
R St
-l ] I ) ind
{Top View

ORDERING INFORMATION

S delailed ondenng snd shipping Dformation in the packege
dirnarssicinin sockicn oo puge 25 of this g shoet.

DEVICE MARKING INFORMATION
S goneral marking information In e devioe miwking
saclion of pape 25 of fie date sheat

Publication Grd;r Numtn;’ .
MCI3033D
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This device containg 266 active transistors
Figure 1. Representative Schematic Diagram
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MC33033, NCV33033

MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Voo 30 v
Digital Inputs (Pins 3, 4. 5, 8, 18,18} ™ Vet v
Oscillator Input Current (Source or Sink) losa 30 A
Errot Amp Input Voltage Range {Pins 9, 10, Note 1) Vig =0.3 40 Vi v
Error Amp Output Currant {Source ar Sink, Note 2) I 10 ma,
Cutrant Sense Input Voltage Range Vaunes ~0310 8.0 v
Top Drive Vohage (Pins 1, 2, 20) Veepop 40 v
Top Drive Sink Current (Fing 1, 2, 20) Ik 50 mA
Bottorn Deive Dutput Currant {Source o Sink, Pins 15,18, 17) Iorey 100 A
Electrostatic Discharge Sensitivity (ESD)
Human Body Model (HBM) Ciass 2, JESD22 A114=C - 2000 v
Machine Mode! (MM) Class A, JESDZ2 A115-A -~ 200 v
Charged Device Model {CDM), JESD22 C101-C - 2000 v
Power Dissipation snd Thermal Characteristics
P Suffx, Dusl~in~Line, Case 738
Madimum Powar Dissipation @ T, = 859C Py 8et mwW
Thermal Hesistance, Junction=to=Ai Ran 78 oW
DW Suffix, Surface Mount, Case 7510
Maximum Power Dissipation @ Ta = 85°C P 819 mwW
Thermal Rusistance, Junction=to-Aw Rpga 108 G
Operating Junction Temperature T 150 el
Operating Ambient Temperature Range (Note 3) MC33033 T =40 to +85 <
NCV3I3033 =40 1o +126
Storage Yemperatura Range Tw ~ 85 10 + 150 *
Strusses exceeding Maximum Ratings may damage the device. Maximum Ratings are siress ratings oaly Functional aperation above the
Recommended Operating Conditions 1 not imsplied, n&nd exposure 1o s abava the R Qparating Condtions may affect
dtvm refiabity

The Input common mode voltage or input signal vok:go should not be allowed 1o go negative by more than 0.3V

2 The compliance volage must not axcesd the tange 10 Vigt.

3 MNCW[ZD&S Tiow = =40°C, Toigr = 125°C. Guarantesd by du:yn NCV prefix is for automotive and other applications requining she and change
ol
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MC33033, NCV33033

ELECTRICAL CHARACTERISTICS (Vo = 20V, Ry = 4.7k, Cr = 10 oF, Ty = 25°C_ unless otherwise noted )

| Characteristic | Symbol i Min I Typ | Max Unit
REFERENCE SECTION
Referance Cutput Voltage {J, = 1.0 mA) Vot v
Th = 26°C 5.0 8.24 85
{Note 4) 5482 L 857
Ling Regulation Voo = 10V 10 30V, 1y = 1.0 mA) ReQiing - 1.5 ki) my
Load Regulation (et = 1.0 mA to 20 mA) Regias - 1] 30 my
Qutput Short-Clrouit Current {Nate 5} lse: 40 75 - mA
Reference Under Voltage Lockout Threshold Vi 40 45 50 v
ERROR AMPLIFIER
input Offset Violtage (Note 4) Vi - 0.4 10 myV
Input Offset Gurrant (Note 4) o - 8.0 500 Ty
Input Bias Current (Mote 4) lig - -48 -1000 nA
input Common Mode Vohage Range Vien (0 V10 Viewsy v
Open Loap Voltage Gain (Vo = 3.0V Ry = 15K) Ay 70 80 - dE
input Common Mode Rejection Ratio CMER 58 28 - dB
Power Supply Rejection Ratio (Vee = 10V 16 30 V) PSRR 85 105§ - dB
Output Voltage Swing v
High State (R = 15 k to Gnd) Vou 40 5.3 -
Low State (R = 17 k to Vi) Vew s 5] 1Q

4. MC23033: T, = ~40°C to + §5°C; NCV33033: Ty = -40°C 10 +125°C

5. Maximum package power dissipation limits must be observed.

http:ffonsemi.com
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ELECTRICAL CHARACTERISTICS {continued) (Ve = 20 V, Ry = 4.7 k, C7 = 10 nF, T = 25°C, unless otherwise noted.}

MC33033, NCV33033

Characteristic [ symbol [ Min | Typ Max Unit ]
OSCILLATOR SECTION
Oscillator Fregquency fose 22 25 28 kHz
Frequency Change with Voltage (Vo = 10 V1o 30 V) Moot AN - 0.01 50 %
Sawtooth Peak Voltage Vosor = 4.1 45 v
Sawtooth Valley Voltage Voscon 1.2 15 - v
LOGIC INPUTS
input Threshold Voitage {Pins 3, 4, 5.6, 18, 19} W
High State Vi 3.0 232 -
Low State Vi - 17 0.8
Sensor Inputs (Pins 4, 5. 8) PA
High State input Current (W = 5.0V} (™ -150 -70 -20
Low State input Current (Wy =0 V) i -600 -337 -150
Forward/Reverse, 80%T20" Select and Output Enatie HA
(Pins 3, 18, 10)
High State input Current (Myy = 5.0V) Ipe -75 -38 =10
Low State input Current (Vg =0 V) 1" -300 -178 -75
CURRENT-LIMIT COMPARATOR
Threshold Voltage Vi 85 1’ 15 m\
Input Common Mode Voltage Range Vier = 3.0 = v
Input Bias Current i = -0e -5.0 pA
OUTPUTS AND POWER SECTIONS
Top Drive Output Sink Saturation (lgyy = 25 mA) Vg = 0.5 1.5 v
Top Crive Output Ofi-State Leakage {Vog = 30 V) Ly ok = 0.08 100 A
Top Crive Output Switching Time (G, = 47 pF. R = 1.0 k) ns
Rise Time 4 = 107 300
Fall Time t ~| 28 300
Bottorn Drive Qutput Voltage v
High State (Vep = 30 V, luoyme = 50 mA} Vou Woo-20) | Meo-1.1) -
Low State (Ve = 30V, 0y = 50 mA) Vi - 15 20
Bottom Drive Cutput Switching Time (€|, = 1000 pF) ns
Rise Time i - 38 200
Fall Time i = 30 200
Under Voltage Lockout W
Drive Cutput Enabled (Vg Increasing) Vipgoes 82 80 10
Hysterasis Vy 0.1 0.2 0.3
Povrer Supply Current feg = 15 i d mA
http:/fonsemi.com
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MC33033, NCV33033

g 100 T T £ W | I
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g Cy =« 100F 1
N
M
E 10 P ) ] o~ g 0 P 2
% = ‘V‘I\ |
—
2 I 'r g 20 o
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Figure 2. Oscillator Frequency versus Figure 3. Oscillator Frequency Change
Timing Resistor versus Temperature
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Figure 4, Error Amp Open Loop Gain and Figure 5. Error Amp Output Saturation
Phase versus Frequency Voltage versus Load Current
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N
®

Vo, OUTPUT VOLTAGE (V)
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Figure 6. Error Amp Small-Signal Figure 7. Error Amp Large-Signal
Transient Response Transient Response
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MC33033, NCV33033
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MC33033, NCV33033

50 AWDIV 0 narY
Figure 14. Top Drive Output Waveform Figure 15. Bottom Drive Output Waveform
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MC33033, NCV33033

PIN FUNCTION DESCRIPTION
Pin Symbol Description
1.2.20 | By ApCy Thesa three open collector Top Drive Outputs are designed 1o drive the external upper
powet switch transistors,
3 Fwdi/Rev The Forward/Reverse inpul is used to change the direction of motor rotation.
4,56 Sa 58 8¢ These three Sensor inputs control the commutation sequance.

7 Reference Output This output provides charging current for the oscillator timing capacitor Cry and &
reference for the Error Amplifier It may also serve to furnish sensor power.

] Osciltator The Cscillator frequency is programmed by the values selected for the timing
components, Ry and Gt

g Error Amp Noninverting Input This input is normally connected 1o the speed set polentiometer.

10 Error Amp inverting Input This input is sormally connecied to the Error Amp Output in opan loop applications.

11 Error Amp Out®WM input This pin is available for compensation in closed Joop applications.

12 Current Sense Noninverting Input | A 100 mV signal, with respect to Pin 13, st this inpus teeminates sutput switch
conduction during # given oscillator cycle. This pin nosmally sonnects to the top side
of the outrent sense resister.

43 Gnd This pin supplies & separate ground return for the control circuit and should be
referanced back to the power source ground.

4 Voo This pin is the positive supply of the control 1C. The controller is functional over 8 Vi
range of 10te 30V

15,18, 17 | Cp. By Ag These three totem pole Bottam Drive Outputs are designed for direct drive of the
extemnal bottom power switch fransistors.

18 80%T20" Select The alectrical state of this pin configuras the control cireuit operation for sither 60*
thigh state} or 120° (low state) sensor electrical phasing inputs

19 Outpurt Enabie Alogic high at this input causes the motor to run, while a low causes # 1o coast

 ttpiionsemicom
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MC33033, NCV33033

INTRODUCTION

The MC33033 is one of a series of high performance
monolithic de brushless motor controllers produced by
ON Semiconductor. It contams all of the functions required
to implement a limited—feature, open loop, three or four
phase motor control system. Constructed with Bipolar
Analog technology, it offers a high degree of performance
an.&mggeéncssmhwtﬂem&umﬂeumnnmem The
MC33033 contains a rotor position decoder for proper
commutation sequencing, a temperature compensated
reference capable of supplying sensor power, a frequency
programmable sawtooth oscillator, a fully accessible emor
amplifier, a pulse width modulator comparator, three open
collector top drive outputs, and three high current totem pole
bottom driver outputs ideally suited for driving power
MOSFETs.

Included m the MC33033 are protective features
consisting of undervoltage lockout, cycle-by—cycle current
limiting with a latched shutdown mode, and intemnal thermal
shutdown.

Typical motor control functions inchsde open loop speed
control, forward or reverse rotation, and run enable. In
addition, the MC33033 has a 60°T20° select pin which
configures the rotor position decoder for either 60¢ or 120#
sensor electrical phasing inputs.

FUNCTIONAL DESCRIPTION

A representative internal block diagram is shown in
Figure 19, with various applications shown in Figures 33,
37, 38, 42, 44, and 45. A discussion of the features and
function of each of the internal blocks given below and
referenced to Figures 19 and 37.

Rotor Position Decoder

An internal rotor position decoder monitors the three
sensor inputs (Pins 4, 5, 6} to provide the proper sequencing
of the top and bottom drive outputs. The Sensor Inputs are
designed to interface directly with open collector type Hall
Effect switches or opto slotted couplers. Internal puil-up
resistors are ncluded to minimize the required number of
external components. The inputs are TTL compatible, with
their thresholds typically at 2.2 V. The MC33033 series is
designed to control three phase motors and operate with four
of the most common conventions of sensor phasing. A
60°/T20° Select (Pin 18) is conveniently provided which
affords the MC33033 to configure itself to control motors
having either 60°, 120°, 240° or 300" electrical sensor
phasing. With three Sensaor Inputs there are eight possible
input code combinations, six of which are vahd rotor
positions. The remaining two codes are mvalid and are
usually caused by an open or shorted sensor line. With six
valid input codes, the decoder can resolve the motor rotor
position to within a window of 60 electrical degrees.

The Forward/Reverse input (Pin 3) is used to change the
direction of motor rotation by reversing the voltage across
the stator winding. When the input changes state. from high
to Jow with a given sensor input code (for example 100), the
designation are exchanged {47 to Ag, By to By, C; to Cg).
In effect the commutation sequence is reversed and the
motor changes directional rotation.

Motor on/off control iz accomplished by the Output
Enable (Pin19). When left disconnected, an internal pull-up
resistor to a positive source enables sequencing of the top
and bottom drive outputs. When grounded, the Top Drive
Outputs tum off and the bottom dnves are forced low,
causing the motor to coast.

The commutation logic truth table is shown in Figure 20.
In half wave motor drive applications, the Top Drive
Outputs are not required and are typically left disconnected.

Error Amplifier

A high performance, fully compensated Error Amplifier
with access to both inputs and output (Pins 9, 10, 11) is
provided to facilitate the implementation of closed loop
motor speed control. The amplifier features a typical dc
voltage gam of 80 dB, 0.6 MHz gam bandwidth, and a wide
input comrmon mode voltage range that extends from ground
to Vrer. In most open loop speed confrol applications, the
amplifier is configured as a unity gain veltage follower with
the Noninverting Input cormected to the speed set voltage
source. Additional configurations are shown m Figures 30
through 34.
Oscillator

The frequency of the internal ramp oscillator is
programmed by the values selected for timing components
Rr and Cr. Capacitor Cr 1s charged from the Reference
Qutput (Pin 7) through resistor Ry and discharged by an
intemal discharge transistor. The ramp peak and valley
voltages are typically 4.1 V and 1.3 V respectively. To
provide a good compromise between audible noise and
output switching efficiency, an oscillator frequency in the
range of 20 to 30 kHz 18 recommended. Refer to Figure 2 for
component selection.
Pulse Width Modulator

The use of pulse width modulation provides an energy
efficient method of controlling the motor speed by varying
the average voltage applied to each stator winding during the
commutation sequence. As Cy discharzes, the oscillator sets
both latches. allowing conduction of the Top and Bottom
Drive Outputs, The PWM comparator resets the upper latch,
termimating the Bottom Drive Output conduction when the
positive-going ramp of Cy becomes preater than the Error
Amplifier output. The pulse width modulator timing
diagram is shown in Figure 21. Pulse width modulation for
speed control appears only at the Bottom Drive Cutputs.

10
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MC33033, NCV33033

Inputs (Note 2) Quiputs (Note 3}
Sensor Electrical Phasing (Note 4) Top Drives Bottom Drives
60* 120° Current

Sa Sp 5S¢ Sa ip S¢ FIR Enable  Sense Ay By Cr | Ag By Ca
1 [} 0 1 0 ] 1 1 0 0 1 1 0 0 t {Note 5}
1 1 0 1 1 4] 1 | 0 1 o 1 0 0 1 FR=1
1 1 1 Q 1 ] 1 1 [ 1 [ 1 1 0 0
] 1 1 4] 1 1 1 1 1] 1 1 0 1 0 0
0 0 1 0 0 1 1 1 ¢ 1 1 0 -] 1 9
0 0 0 1 0 1 1 1 ] ] 1 1 0 1 0
1 0 o 1 0 ¢ 0 1 ¢ 1 1 0 1 0 0 [Note 5)
1 1 0 1 1 0 ] 1 o 1 1 0 ] 1 0 FR=0
1 1 ] 0 1 0 o 1 [} 0 1 1 o 1 9
0 1 1 0 1 1 0 1 ] 0 1 1 0 0 1
] g 1 <} 0 1 0 1 [ 1 g 1 & 0 1
9 ¢ 0 1 01 0 L 1 ) 1 [y 0 L . i
1 [ 1 1 i 1 ; 4 % % 1 1 1 0 0 0 {Note &)
o 1 0 1] 0 0 X X X 1 1 1 o L)
v v v v N4 v X 0 X 1 1 1 ] 0 o [Note 7)
v A v v Vi v X 1 1 1 1 1 0 0 [} {Note 8)

HOTES 1.V = Any o of sl walul sonsor of ditee combinations
X * Dol care.

2. The digibet inpeds (Plios 3 4, 5 6 48, 10) are akl TTL compatible The curent senss npat (P 123 has g 100 my Dreshold with respect & Pi 13 A
T {3 foe dhiss Bapiat s chaflonisd s € B8 Y, sl 2 ogee { e 115 mY

3. The ko dedve Gulpots are ogon coliector daskgr and active in B law (0 stale

4 Wish S0%TE (Pins 18) i e bigh (1) state, configuestion is for B0° sensor aleciicet phasing npats Wk Pin 15 In thes iow (0} staste. conigueunion is

for 1200 senuce alpciical phasiog inpids.

5. VG B0° o 1207 sonnos cmummwwmum Wil Bop ) DO ciive CllputK

G Irvvanliet sevinoe nputs, All Sop and Dotionm deives s off.

7 Valid aensor inpRite wilh gratda = 0 AR 500 and M@m dibvann e off
B Vi sensor mpeits with onabie gnd corent sense = 1 AN top s Bolom drives sre off

Figure 20, Three Phase, Six Step Commutation Truth Table (Note 1)

Current Limit

Continuous operation of & motor that is seversly
over-loaded results In overheating and eventual failure.
This destructive condition can best be prevented with the use
of cycle-by—cycle current limiting. That 13, each on—cycle
is treated as a separate event. Cycle-by—cycle current
linuting is accomplished by monitoring the stator current
butld~up each time an output switch conducts, and upon
sensing an over current condition, immediately tuming off
the switch and holding it off for the remaining duration of
oscitlator ramp-up period. The stator current is converted to
a voltsge by mserting a ground-referenced sense resistor Ry
(Figure 35} in series with the three bottorm switch transistors
(Qs4, Qs, Qg). The voltage developed across the sense
resistor is monitored by the curent sense imput (Pin 12), and
compared to the internal 100 mV reference. If the current
sense threshold is exceeded, the comparator resets the lower
latch and terminates output switch conduction. The value for
the sense resistor is:

fo=
S Istator(max)

The dual-latch PWM configuration ensures that only one
single output conduction pulse occurs during any given
oscillator eyele, whether terminated by the output of the
Error Amplifier or the curvent limit comparator.

Reference

The on—chip 6.25 V regulator (Pin 7) provides charging
current for the oscillator tming capacitor, a reference for the
Emor Amplifier, and can supply 20 mA of current suitable
for directly powering sensors in low voltage applications. In
higher voltage applications it may become necessary to
transfer the power dissipated by the regulator off the IC. This
is easily accomplished with the addition of an extemal pass
transistor as shovwn in Figure 22, A 6,25 V reference lavel
was chosen to allow implementation of the simpler NPN
cireust, where Ve — Vpp exceeds the minimum voltage
required by Hall Effect sensors over temperanwe. With
proper transistor selection, and adequate heatsinking, up to
one amp of load current can be obtained.
Undervoitage Lockout

A dual Undervoltage Lockout has been incorporated to
prevent damage to the IC and the external power switch
tansistors. Under low power supply conditions, it
guarantees that the IC and sensors are fully functional, and
that there is sufficient Bottom Drive Output voltage. The
positive power supply to the IC (Vee) 15 monitored to a
threshold of 8.9 V. This level ensures sufficient gate drive
necessary to attain low Rpssm when interfacing with
standard power MOSFET devices. When directly powering
the Hall sensors from the reference, improper sensor

http:!.'m‘lwni‘cdu;l‘rw
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operation can result if the reference output voltage should Bottom Drive Outputs are held in a low state. Each of the
fall below 4.5 V. If one or both of the comparators detects an comparators contain hysteresis to prevent oscillations when
undervoltage condition, the top drives are tumed off ancl the  crossing their respective thresholds,

Thor NP GirGuit i tapoeimisiciad Ror ovedig) Halk oF Oplo BnsR
whars i GUlpul volteps wmpecalurs coaffichent i not crifcml Tha PN
ciroutie slighly more otmpsea, Bl also mace soourale. Nelor gircalt
Pk corrgnt linigeg

Figure 21, PWM Timing Diagram Figure 22, Reference Output Bulfers

Voe# 12V Vigee V=170V

ok

2 PIOM Gaps

Transisbar ;i a oot base sbags used 10 hewd 1l om Yog I $ie bigh
ot viage. Vis T onllecior diode is reguired e & prosars wibe Vig
L

Figure 23, High Voltage Interface with Figure 24. High Voltage Interface with
NPN Power Transistors N-Channel Power MOSFETs
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(SRR T, P ¢

Sunes pate resistor Ry will deep sy High frequsnscy oscllations caused
By e MCBPEY Ittt Copatitice sd any et widig induction in the
gale-source drout. Diade £ is aouired i the negative curmant int the

wirvatonn. Rasisior Ry should b a bw pidesiancs hpe
Bohom Dedvi Oulpxits sxconds 50 mb

Figure 25, Current Waveform Spike Suppression

T15ma) L4
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Thie toteen pole outpid can furmish segalive base current T

Figure 26. MOSFET Drive Precautions
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Figure 27. Bipolar Transistor Drive
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Figure 28. Current Sensing Power MOSFETs

™
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Figure 29. High Voltage Boost Supply
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Figure 30, Differential Input Speed Controller
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e o]
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Raosistor Ry with capacitor € sols $ie aconlerstion lime constant while R;
woidrols the decelerstion. The valoes of Ry and Ry shouki be o least len limes
graabor Bian e spead sat poloniiormeton 1o minimize $me constant variations
with diffesenl speed selings.

Figure 31. Controlled Acceleration/Deceleration
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To Sensor ; ¥
Mfﬂl‘} 19 ;Wi
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by iem L-,!-EDI

WhR Z10M 1M1y PWH
Lt et

The rodor postons sonsors carn be used as g Schomater. By differetinging e
positive~going edges and Men megrating hem over time, a voltage
propocional i spesd con be gonarated The emor penp compangs this Wsaos
Ber S of thes spesia® st b condral e P

Figure 33. Closed Loop Speed Control

Drive Qutputs

The three Top Drive Qutputs (Pins 1, 2, 20) are open
collector NPN transistors capable of sinking 50 mA with a
minimum breakdown of 30 V. Interfacing imto higher
voltage applications is easily accomplished with the circuits
shown in Figures 23 and 24.

The three totem pole Bottom Drive Outputs (Pins 15, 186,
17) are particularly suited for direct drive of N~Channel
MOSFETs or NPN bipolar transistors (Figures 25, 26, 27,
and 28). Each output is capable of sourcing and sinking up
to 100 mA.

Thermal Shutdown

Internal thermal stdown circuity is provided to protect
the IC in the event the maximum junction temperature is
exceeded When activated, typically at 170°C, the IC acts as
though the regulator was disabled, m tumn shutting down the
IC.

i
‘ﬁ;ﬂuy_ :
10 145k | 1wk 7|
T
o, |8 128k i [ i
}.Z_H 5. 7 !ai *!_ ;
o Blp g LI L &
nputn) i py z [ AERRLLE , FA
Blon © by tom8k o) PM
. ECEY Y]
-6’2 404 k I
o Ty
sl

The SNT4LS145 i an open collecior BCD o One of Ten decoder. When
connecied &5 shown, inpul oodes 0000 through 1001 steps The WM o
incremants of mppeaximately 10% from 0 to 90% cn-time. Ingudt codes 1010
trough 111 wil produce 100% arr-tine o JIE mokor spesd.

Figure 32. Digital Speed Controller

+ R R
SR ) |
v,

n“‘(Fts < ‘) b &Q_

LY
LSt TUIN S

This gireuit con aorfeof e speed of o cocling fan proportacsl ko Be dferene
between he seasof and sel ismpersiures. The controf loop is dosed as the
forced air pools e NTC tharmisior For controfied haabng applications,
exichange the posions of Rs and Ry

Figure 34, Ciosed Loop Temperature Control

SYSTEM APPLICATIONS

Three Phase Motor Commutation

The three phase application shown in Figure 35 is an open
loop motor controtler with full wave, six step drive. The
upper power switch transistors are Darlington PNPs while
the lower switches are N—Channel power MOSFETs. Each
of these devices contains an intemal parasitic catch diode
that is used to return the stator inductive energy back to the
power supply. The outputs are capable of driving a delta or
wye connected stator, and a grounded neutral wye if split
supplies are used. At any given rotor position, only one top
and one bottom power switch (of different totem poles) is
enabled. This configuration switches both ends of the stator
winding from supply to ground which causes the current
flow to be bidirectional or full wave. A leading edge spike
is usually present on the current waveform: and can cause a
current-limit error. The spike can be eliminated by adding

hitp:iionsemi.com
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an RC filter in series with the Curent Sense Input. Using a
low inductance type resistor for Rg will also aid in spike
reduction. Figure 36 shows the commutation waveforms
over two electrical cycles. The first cycle (0° to 360°) depicts
motor operation at full speed while the second cycle (360°

to 7207) shows a reduced speed with about 50% pulse width
modulation. The current waveforms reflect a constant
torque load and are shown synchronous to the commutation
frequency for clarity.

Y -
L

Figure 35. Three Phase, Six Step, Full Wave Motor Controller

16

89



90

MC33033, NCV33033

Rotor Electrical Position {Degrees)
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Figure 36. Three Phase, Six Step, Full Wave Commutation Waveforms
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Figure 37 shows a three phase, three step, half wavemotor  stator winding, Cuarrent flow is unidirectional or half wave
controller. This configuration is ideally suited for  because only one end of each winding is switched. The stator
automobile and other low voltage applications since there is flyback voltage is clamped by 8 single zener and three
only one power switch voltage drop in series with a given diodes.

Motor

Figure 37, Three Phase, Three Step, Half Wave Motor Controller

hitp:iionsemi.com
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Three Phase Closed Loop Controller

The MC33033, by itself, is capable of open loop motor
speed contrel. For closed loop speed control, the MC33033
requires #n input voltage proportional to the motor speed.
Traditionally this has been accomplished by means of 2
tachometer to generate the motor speed feedback voltage.
Figure 38 shows an application whereby an MC33039,
powered from the 6.25 V reference (Pin 7) of the MC33033,
i uved to generate the required feedback voltage without the
need of a costly tachometer. The same Hall sensor signals
used by the MC33033 for rotor position decoding are
utilized by the MC33039. Every positive or negative going
transition of the Hall sensor signals ot any of the sensor lines
causes the MC33039 to produce an cutput pulse of defined
amplitude and time duration, a5 determined by the external
resistor Ry and capacitor Cy. The resulting output tram of

NCV33033

pulses presesit at Pin 5 of the MC33039 are integrated by the
Error Amplifier of the MC33033 configured as an
integrator, to produce a de voltage level which is
proportional to the motor speed. This speed proportional
voltage establishes the PWM refirence level at Pin 11 of the
MC33033 moter controller and completes or closes the
feedback loop. The MC33033 outputs drive a TMOS power
MOSFET 3-phase bndge. High current can be expected
during conditions of start-up and when changing direction
of the motor.

The system shown in Figure 38 is designed for a motor
having 120/240 degrees Hall sensor electrical phasing. The
system can easily be modified to accommeodate 60300
degree Hall sensor electrical phasing by removing the
jumper (J;) at Pin 18 of the MC33033.

i [}
2 10N
: ”1' ] Vit (181030V)
3 ] :?HDF o
i 5 €
'_] i1k LIRS 203 10 ’!“._jm 19
E_— * ul
W |
P e ) &)
5 bl |
o] N fa 1 |
Al |
1 a—fd i |
5 vt
= MC32033 o I.J& ,J ' -
T 7 1 I
UL DI I AT
<+ &= |
*% 1
+ § Fastor 1NAT42 35 ot ANl TP
10k 1M ot §m  Foonow
&1
t&'t o k.
lorp Comlon |

Figure 38, Closed Loop Brushless DC Motor Control With the MC33033 Using the MC33039
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Sensor Phasing Comparison

There are four conventions used to establish the relative
phasing of the sensor signals in three phase motors. With six
step drive, an input signal change must occur every 60
electrical degrees, however, the relative signal phasing is
dependent upon the mechanical sensor placement A
comparison of the conventions in electrical degrees is shown
in Figure 39, From the sensor phasing table (Figure 40), note
that the order of input codes for 60° phasing is the reverss of
300°. This means the MC33033, when the 60°71207 select
(Pin 18) and the FWD/REV (Pin 3) both in the high state
(open), 1z configured to operate a 60° sensor phasing motor
in the forward direction. Under the same conditions a 300¢
sensor phasing motor would operate equally well but in the
reverse direction. One would simply have to reverse the
FWD/REV switch (FWD/REV closed) in order to cause the
300 motor to also operate in the same direction. The same
difference exists between the 1207 and 2407 conventions.

Rotor Electrical Position {Degrees)

0 50 120180 240 300 360 420 4B0 540 600 B0 720
SNY A A R, R N Y

In this data sheet, the rotor position has always been given
in electrical degrees since the mechanical position is a
function of the mumber of rotating magnetic poles. The
relationship between the electrical and mechanical position
s

Electrical Degrees = Mechanical m(mm pm)

An increase in the number of magnetic poles causes more
electrical revolutions for a given mechanical revolution.
General purpose three phase motors typically contain 2 four
pole rotor which vields two electrical revolutions for one
mechanical.

Two and Four Phase Motor Commutation

The MC33033 configured for 60* sensor inputs is capable
of providing a four step output that can be used to drive two
or four phase motors. The truth table in Figure 41 shows that
by connecting sensor mputs Sp and S¢, together, it is possible
to truncate the number of drive output states from six to four.
The output powver switches are connected to By, Cr, Bg, and
Cp. Figure 42 shows a four phase, four step, full wave motor

Sal R | I d, ¢/ control application. Power switch transistors Qy through Qg
- 50158 I 1 | 1 are Darlmgton type, each with an internal parasitic catch
E S¢ I 1 | diode. With four step drive, only two rotor position sensors
g AR =l 2 2 Y spaced at 90 electrical degrees are required The
Sab —— | - L commutation waveforms are shown in Figure 43.
z 120° { 5g | 1L f o/ Figure 44 shows a four phase, four step, half wave motor
8 [ | | controller. It has the same features a3 the circuit in Figure 37,
-.iu MW "y N e except for the deletion of speed adjust.
8 Sal 8. Lok S )W,
Sarrdsy 1 ] L W MC33022 {60°7TZ0° Select Pin Open)
s ! gpd —— e !"'"i inbute P
Sal AW 1 ] Sensor Electrical Top Drives | Bottom Drives
200° | 55 L I | 7 5:“"“9' . :“" vl £
A 8 T T B B
¢ o btardl o~ |
iRy €71 LN 1 0 1 i 1 0 !
1 1 1 0 1 0 0
) o 1 1 1 o 0 0
Figure J9. Sensor Phasing Comparison o 0 1 4 1 1 0
1 0 0 1 0 o o
Sensor Electrical Phasing (Degrees) é : g : 3 Z '1)
60* 120° 240* 300° 0 0 0 0 1 0 0
Sg S5c |82 S8 Sc|Sa S8 S¢S S8 S¢ “With MC33033 sensor npill Sy connectet tu S¢
: NN At TN - ! Figure 41. Two and Four Phase, Four Step,
1 gl o o) =0 001 3 0 Commutation Truth Table
1 MERERIEEEER
¢ 1 1]0 1 ofle o0 1|0 o o
¢ o0 1]0 1 Wiy w0
6 0 |0 0 o TG | M of

Figure 40. Sensor Phasing Table
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Figure 42. Four Phase, Four Step, Full Wave Controller
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Rator Electrical Position {Degrees)
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Figure 43, Four Phase, Four Step, Full Wave Commutation Waveforms
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Figure 44, Four Phase, Four Step, Half Wave Motor Confroller
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Brush Motor Control

Though the MC33033 was designed to control brushless de
motors, it may also be used to control de brush—type motors.
Figure '45 shows an spplication of the MC33033 driving &
H-bndge affording minimal parts count to operate a
brush~type motor. Kev to the operation is the input sensor
code [100] which produces a top-left (Q;) and a bottom-right
(Qy) drive when the controller’s Forward Reverse pin is at
logic [1}; top-right (Qq), bottom~left (Qy) drive is realized
whess the ForwardReverse pin is at logic [0]. This code
supports the requirements necessary for H-bridge drive
accomplishing both direction and speed control,

The controller functions in a normal manner with a pulse
width modulated frequency of approximately 25 kHz.
Motor speed is controlied by adjusting the voltage presented
to the noninverting input of the Error Amplifier establishing
the PWM's slice or reference level. Cycle~by-cycle cuent
limating of the motor current i3 accomplished by sensing the
voltage (100 mV threshold) across the Ry, resistor to ground
of the H-bridge motor current. The over current sense circust
makes it possible to reverse the diection of the motor, on the

fly, using the normal Forward Reverse switch, and not have
to completely stop before reversing.

LAYOUT CONSIDERATIONS

Do not attempt to construct any of the motor control
circuits on wire—wrap or plug-in prototype boards. High
frequency printed circuit layout techniques are imperative to
prevent pulse jitter. This is usually caused by excessive noise
pick-up imposed on the current sense o error amp inputs.
The printed circuit lavout should contain & ground plane
with low current signal and high drive and output buffer
grounds retumning on separate paths back to the power
supply input filter capacitor V. Ceramic bypass capacitors
(0.01 uF) connected close to the integrated circwit at Ve,
Vyag and error &mplsﬂermwmng input rany be required
depending upon circuit Jayout. This provides a low
impedarice path for filtering any high frequency noise. All
highcxmmloopnhouidbekepunhmupmmblemmg
heavy copper runs to minitnize radiated EMI
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ORDERING INFORMATION
Device Operating Temperature Range Package Shipping!

MC330230W S0-20L 38 Units / Rail
MC330230WE $0-20L

{Pb=Free)
MC33033DWR2 50-20L 1000 Tape & Reel
MC33033DWR2G Ta = ~40°C to +85°C 50-20L

(Bb-Free)
MC33023P PDIP-20 18 Units / Rail
MC33033PG PDIP-20

(Pb=Free)
NCVIZ033DWR2* S0-20L 1000 Tape & Resl
NCV33033DWR2G* Ta = ~40%C 10 «126°C S$0-20L

(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, piease refer to our Tape and Heel Packaging
S&inﬁution Berochure, BROBO14/D
N

33033: Ty = ~40C, Thyp, = +125C. Guaranieed by design. NCV prefix is for and other appli retjuiting site and change
control.

MARKING DIAGRAMS

50-20L PDIP-20

DW SUFFIX P SUFFIX

CASE 751D CASE 738

20
20
el el s D
MC330330wW ME320338

AWLYYIVWG

NCV230330W
AWLYYWWNG

'O AWLYYWWG

A A A A T A AT
1
0

NCV330313P
[#] AWLYYWWG

1

= Assembiy Location
= Wafer Lot

= Year

= Work Week

= Pb-Frea Package

. ii{lp:lfon.seni..com.
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PACKAGE DIMENSIONS
PDIP-20
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PACKAGE DIMENSIONS

S0-20L
DW SUFFIX
CASE 751D-05
ISSUEG

¥4
1 DMERSIONS D AND E DO NOT IMCLUDE MOLD
PROTRUSIN.
A NAXIVUN WOLD PROTRUISION 0.15 PER S0E.
5 ERENSION B DOES BOT IMCLLIDE DR
ALLOWARLE FROTRUSION BHALL
.13 FOTAL M OUCESS OF B D MSI0N AT
B WA T ERAL COMINTION.

oN ot wne () s wrn ot B Ko oo [, LLC (BGILLE) BCHLLC ssars 1 G110 s il ek
mmmnmn BCILLE raak ity ik sopariog he sty of upmdu;hixmy particuine purpose, oo dons BCILLE asvore sow Hnidity
201G £t of Bt mpQEGOEEN Ur usés OF ey SIS B <BEReL, ;:mmdmm-r@mn oot niatca i, el or buciterhel yiages
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gty paranstens, nkalng " Typscaks” nmunuuluwnm-nmmwmnmwu mcmmmwimmllwm
o e rights ol obwrs. BCLLT prod usts an ool daaigresd, intnoded, or |t s larwden! for nh i bty or ofwr BRpRcHIong
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TOSHIBA TLP250

TOSHIBA Pholocoupler  GaAlAs Ired & Photo—IC

TLP250

Transistor Inverter
Inverter For Air Conditionor

Unit s mm

IGBT Gate Drive
Power MOS FET Gate Drive okl b

"
The TOSHIBA TLP230 conaists of a GaAlas Bghr emirting diode and = .- ,} i
inteerated photodetector. T2 3 & )
This unit ie §-lead DIP package. ™
TLP250 iz auitable for gate driving circuit of IGBT or power 3OS FET. ~f!-"*-*!“~«1§ g"”—‘——“”f
+ Input threshold current: IF=3mAlmax.}

+  Supply current (Ioc)k 11mA{max)

+  Supply voltage (Vo) 10-85V

+ Output current {Io): +1.5A (max}

+ Switching time (tpr¥fep3 ) 1.5ps(max }
+ Isclation voltage: 2500V rme{min }

+ UL recognized: UL1577, file No.E67349 1w
+  Option {D4) type
VDE approved: DIN VDEQ8S4/06.92 cerrificate No. 78823 TOSHIBA 11-1004
Maximum operating inaulstion voltage: 530VFK Weight 054 g

Higheat permissible over voltage: 4000VPE
{Note) When a VDEDB84 approved type is needed,

P gnate the "option {D4)"
+ Creepage distance: & 4mm{min}
Clearance: 8, 4mm{mn.)
Schmatic Pin Configuration (top view)
1 i
i
o 2 {} . 7
2+ o
Ve :}3 3] e
3
+[] s
A 0ApF bypass capeior must b 5

connected between pin 8 and 5 (See Note 5}

i

Truth Table
Try T2
i on On of
....%........S’Em L. .

1 2003-06-25
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Charactaristic Symbol Ratng Ui
Forward eurrent ir 2 mA
Forward current garating (Ta 2 70°C) Bipl&Ta .38 mA s
8 | Peak ransiant forwand curent o | deer 1 A
Revarse voltage Vi s v
Jupetion semparxture T 25 <
“H'paak cutput current (Pyg 2 581 & 15kHz) Mo e A% A
“Upaak cutput current (Pyy £ 2. 5us,f £ §8kHz) Note 2| foec +15 A
{Ta £ 70°C) EL
ut voltage '/
g i {Ta 85°C) ¢ N v
Ta $70°C) i3
Supply volta Vo v
4 (Ta mE5°C) o5 2
Output voltage decating (T2 2 70°C) AVo!ATa QT3 VI
Supply voltage derating (Ta z 70'C) AVoo AT £.73 VG
Junction temparature T 124 s
Operating frequancy (Note 3 U 25 kHz
Operating temperature 1ange Tope -20~85 b+
Storage temparaturs range Tayg SE-128 b
Land soldenng temperature (10 s} {Note 4 Tact 200 by ¥
Isolation voltage (AT, 1 min,, R.H.£ 80%) {Mote 5) Bvg 2500 Vemg

Note 1.  Puise width Py % tus. 300pps
Note 22 Exporenaniial wavefom

Note 3. Exporenential wavefom, Iopy £ -1.0A¢ £ 2 8ps), IopL & +1.0A( £ 2 Sps)

Nete 4. it is 2 mm or more from & lead root.

Note & Device considerd 8 two ferminal device: Pins 1, 2. 3 and 4 shorted together, and pins §, 8 7 and § shorted

together,

Note & A ceramic capecitar(l) 13F) should be connected from pin & o pin § io stebilize the opecation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty The botal jead
length between capacitor and coupler shoukd not exceed Tom

Recommended Operating Conditions

Characteristic Symbol Win. Typ. Max. Unit
Input current, on {hote 7) triony 7 8 10 mA
Ingut voliage, off Viropmy ) = 08 v
Supply voltage Ve 15 — R v
Peak output curent iorHioPL i —_ 0.5 &
Operating temperature Togi -20 Py 70 [ o ©

Note 7: input signal rise ime (fall time) <0.5 us
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TOSHIBA TLP250
Electrical Characteristics (Ta = ~20~70°C, unless otherwise specified)
Test
Charactenstc Symbol E‘:’; Test Condition Wiy Tye* | Max | Unt
Ingut forward voltage Vg — |l =10mA, Ta=25C 18 18 v
Temperature coefficient of AVeiATal — lliesi0mA - 2.0 - N
Ingut reverse current I —  Vr=5V. Ta=25C - 10 A
Input capacitance Cr — V=0 FeiMHz Ta=25C — 43 250 oF
o be = 10 mA e _
H* level lopr 3 N 05 15
Output curent ) - A
L" level laoy 2 Vo g2V as 2 -
. Ve = 15 Vieey = 15V
' H tevel Vo & |RTSo000 1 Bk 11 128 - y
o Voros = +15V, Ve = 15V -
L evel VoL 5 ng‘mv Vs v - “142 -12:5
Voo = 30V, le = 10mA = 3 =
“H fevel eew | — [Ta=zC
T Voo = 30V, le = 10ma - - 1 -
Ve = 30V, Ie = O _ 7% %
“L” tavel — |Ta=28C
Ve = 30V, lp = 0mA - - 1
Threshoid input o Mooy =+ 15 Vewy = <10V .
LM L] By = Vo s OV 12 & mA
Threshok input “Qutput T Voo = 415V Vgey = -1 as = o v
weitage Heel Ry = 2000 Vo < IV
Supply voltage Vee - 10 - 35 v
Capaocitante V=0 = tMHz i
{input -outeut) v LT 10| 20 | #F
. ’ ]
Resistance(input-output) Rg = ‘;snfs%‘ il 140 10" - 0
* Al typical values sre at Ta = 28*C ("1} Durstion of i time & 50us
3 20080625
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TOSHIBA

TLP250
Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test

Characterisic Symbol gﬁ Tast Condition Min. Typ® | Wax | Uek
Propagation L—H tps - 018 | 0§
delay time Heod, I = BmA {Note 7) - a1 0%

. 18 [Veor= 415V, Veey= -tV -
Output rise tme 1 Ry * 2000 - i pa
Qutput fall tme ¥ — b ik
Common mode transient
- > : Vo= 800V, Ir = Bmd 3 — - ]
e v G T |Vee=30v.Ta=25C 500 Vips
Common mode transient = & )
immoney st low e C T VI e e | - | - |vis
* All typical values are at Ta = 25°C
MNote 7: input signal rise tme (fall time) < 0.5 us
4 2004-06-25
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TOSHIBA

Test Cireuit 1:
1 s
C J
[ i
[ s

Test Circult 3: I0PH

1

4[]

L 0] L Oj“‘us
_____{: '} A

Test Ceoutt §: Vi,
1[] [}
»-.—--—E j T OWF 1'\‘,::1

Vi <+

. i L
[

Tt Carcutt 4 - VOH

r®

e

gt

o[

o

Ly sy L

Vgt
& 1pF r
Ry
Qe
P
E 3
Ve

Z004-0b-25
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TOSHIBA TLP250

Test Circuit & tpi s, tore, bty

. - ¥ i
L 0.14F Voot i +
0"-*—*‘“{ :] r oV ki Vs  80%
3 R Yo 1) -
- o = e = Vo 20%
woa § (] [ A i
4 Veet
Test Circuit 7- Sy, Chi
8
1] 1
sw IF Q1pF
‘_~_~.__{ 3 T JVec
An'o B T
[] "1
+[] g
Vem
L @ -
T A
- SO0V
°0%
Vow  gon pRaEn SF
; . Con. 3800)
SW ADF=3mA) EM
W Cied _ 430(v)
Vo /\m N — A\ § ]
Co
SW Blle=0)

Cp {Ci) is the maximum rste of rse {fall) of the common mode vollage that can be sustained with the owlput
voltsge in the low (high) state.
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TOSHIBA TLP250
AVP7 ATu- e
Ak
§a
gz
[ e
o
i
<
E§ “3
L¥y
(-X] a3 48 3 E-3
Forsmacurrd s W)
Ip=Ta Vee-Ta
N

Alcwasie Sorwand cured
L

.....

PV IR 1S 10

Mosatie sarly wiwge Voo )
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¥ PD-91279E
International
TOR Rectifier IRF3205
HEXFET® Power MOSFET
» Advanced Process Technology D
» Ultra Low On-Resistance Vpss = 55V
= Dynamic dv/dt Rating
e 175°C (}.pe(aung Temperature Rps(on) = 8.0m0
o Fast Switching
# Fully Avalanche Rated . Ip = 110A®
Description
Advanced HEXFET® Power MOSFETs from International
Rectifier utilize advanced processing techniques to achieve
extremely low on-resistance per silicon area. This
benefit, combined with the fasl swilching speed and
ruggedized device design that HEXFET power MOSFETs
are vell known for, provides the designerwith an extremely
efficient and reliable device for use in a wide variety of
applications.
The TO-220 package is universally preferred for all
commerciak-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal
resistance and low package cost of the TO-220 contribute
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
@ T = Conlingous Drain Curent, V%wﬁ 10V EELE)
o @ T = 100°C | Coatinuous Drain Current, Vos @ 10V &0 A
Toad “Pulsed Orain Current (O 360 _
5;3 BT = 25°C | Power Dissipation 300 W
Lingar Derating Factor 13 WrC
[Vas Gle-to-Source Voriage 3 390 v
Han__ Avaisnche CureniiDd 82 A
| East Repettive Avalanche Energy( 20 mJ
dwidt Peak Diode Recovery dvid 50 Ving
T, Operating Junclion and 86 fo+ 175 =T
Teg Storage Temperature Range g
Seldering Temp g, for 10 i 300 {1.8mm from case )
Mounting torgue, 6-32 or M3 srew ) Ibfsin (1 18=m)
Thermal Resistance
Parameter Typ. Max. Units
Raw Junction-o-Case —— 0.75
Raca Case-to-Sink, Flat, Greased Surface 0.50 e oW
R Junction-to-Ambwent e &2

vavw irf.com

1

D1i25/01
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IRF3205 Infernational
IOR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. [Units] Conditions
Vewsaous Drain-to-Souroe Braukdown Voltage 85 | e | | V| Vi = OV, Ip = 250uA
M gpen/ 62| Breakdown Voitage Temp. Coefficient | ——— [0087 [~ | V*C | Reference 1o 25°C, Iy ® 1mA
Rsn: Stabe Drain-to-Source On-Resintanc | wew | e [ 80 F m0 | Vg = 1V, p = EA )
Vo Gate Threshold Vi 20 |~ |40 F V| Mg 8 Vg, ko ® 25004
B Fonward ?rlnﬁ'&’gumm S I e W T AL )
‘ e R ) Vi = 88V, Voo = 0V
oo DaieaEDUmR LI T 1250 ] M [Vioe w44V, Vi = OV, T, = 180°C
i Gate-to-Source Farward Leakage et B DL, fik Vi ® 20
o Gala-to-SoUr0R Raverse Laakage | e =100 Vs # =20V
G, Yotal Gute Charge oy g ) . To, ® B3R
| Qi Gate-to-Source Charge e | e | 3B} nC | Vg = 44V
.E!E Gate-to-Dran (Milke:") Charge el et BL Viyg = 10V, Sea Fig. 8 and 13
| b | Turn-On Delay Time s | A4 ] e Voo * 28V
ty Rise Time ~ e Egi e | ¢ ley = B2A
taomy Turn-Off Delay Timae o | B0 | e Ro = 4.60
t Fail Time s | B8 | e Vag = 10V, See Fig. 10®
Between lead,
s internat Drain Inductance e | 45 | e | omm 0280,
from package
iy internal Source Inductance — T | and canturol o sonknct
[+ Ingut Capaciance e | AT | e Vos =
E Output Clpamgm e | FEY | e Vi = 28V
Crus Reverse Transter Cay nee e | Q44 foe | pF | f & 1.0MHE, S Fig §
B Single Pulse Avalanche Energy® e HOBGA ZB4% i | Tan ® A, L 1985H
Source-Drain Ratings and Characteristics
Paramater Min. | Typ. | Max. | Units -~ Conditions
Is Contingous Source Curent 110 MOSFET symbol 4
{Body Diode) el 4 | showing the
[P Pulsed Source Cument 250 integral revarse L
(Body Diode) M ol i pon jungtion diode d
| Vi Uisde Forward Voltage e | e | 43| V| T m 2800, [y m B24 Vs w OV @
T Fevarse Racavary Time =[O [ 104 | ny | Ty =256, =
Qe Reverse Recovery Charpe e | 14T 218 | 0G| difdt = 100N @
[ Forward Tum-On Time Intrinsic tuen-on 1ime 18 neglighie (tum-on s dominated by Ly+Lo)
HNotes:
O Repetilive rating; pulse width limited by @ Pulse width « 4004s; duty cycle 5 2%,

max. junstion temperature. ( See fig. 11}

@ Starting T, = 28°C, L = 138yH

A= 2500, lag = 624, (Sen Figure 12)

@ fyp « 824,

Ts5178C

difde < 20748, Vg £ Vigsnas,

fuh ki

@ Calculnied continucus current based on maximum slicwxhie

cutrant s TBA.

# This is & typical valoe
opetation cutside rated limits
@This is a caloulated value limited 16 T = 175°C

at device destruction and represents

wanirf.com
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International IRF3205

TOR Paciitier

Vil
W nY o v
0% oy P +
BOW -t + v .

ig. Deain-to-Source Current (A}
8
iy, Drain-to-Source Current (A}
Tl
i
1

10
- =i A - 1 1
1 it
Dus PULSE WIDTH 20us PULSE
' Tix25°C : Tis 178C
41 1 [ 100 0t 1 10 100
Vg . Draindo-Source Voltage (V) Vpg . Drain-to-Source Voltage (V)
Fig 1. Typical Output Characleristics Fig 2. Typical Output Characteristics
10w g - o e
< "* W®C ' L/
b . - 4
5 T 178 C hin v
100 8/
T 18
P
L~
20 -
3 — |
T
= | §
Vog =20
. 20ys PULSE WOTH o - : Vag® 10V
4 # [ 10 12 B0 AD 20 O 20 40 BO B0 100 120 140 160 180
Vge . Gate-to-Source Voltage (V) T dusction Tempuratues (' C)
Fig 3. Lypical Iranster Charactenstics Fig 4. Normalized On-Resistance
Vs. Temperature
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IRF3205

Vgg =0V, 1=1WHZ
Cin ™ Cps * Gga Cos SHORTED
5300 Cos *Cga
P Copx * Cdp * Ca
- e
% 4000 Cl 111
B
E o \ h-.__-
2000 fCoss
\\ 1.3
o LTSN
-Cf‘A"h
o Ll B o]
1 10 00
Vpg Drair-to-Source Valtage (V)

Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage
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Fig 7. Typical Seurce-Drain Diode
Forward Voltage
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International
TOR Rectifier
0 o=t |

2 gg:: ;4\1\‘\

§ " Vps= TIWRY
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§ 8
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Qg . Total Gate Charge (nC)

Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage

[==SOPERATION IN THIS AREA LIMITED!
BY Rasion

Eoduld,
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§
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L fil
o 100
4 = 000
[ =1 t .
a “sb [hPims
10 =f
10ms:
Tp*25°C
T =178
Single Pulse i
] 10 400 1000

Vog . Drain-to-Source Vollage (V)

Fig 8. Maximum Safe Operating Area
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Intermational
sfx
IOR Rectitiar

120

LE S 4 1 ]
LIMITED BY PACKAGE

100 |t

Ip . Drain Current (A)

a
25 50 75 100 125 150 175
Tg . Case Temperature (*C)

Fig 9. Maximum Drain Current Vs.

IRF3205

Ra
Vos }.....m.-.qm-.——

+

Vos
20%

0%

o
Yoy %

Fig 10b. Switching Time Waveforms

Case Temperature
1 0w e + e 2 o s s 8 20 8
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1.1
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.
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E e TIT
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Fig 11. Maximum Effeclive Transient Thermal Impedance, Junciion-to-Case
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IRF3205

Fig 12a, Unclamped Inductive Test Circuit

] Visripss

=T

IAg . i |
Fig 12b. Unclamped Inductive Waveforms

Qg t
A E a4
o Qs Qeo
Vg
Chame e

Fig 13a. Basic Gate Charge Waveform

Eps . Single Pulse Avslanche Energy (mJ}

1l3

Infernational
ToR Rectifier
500 \ =
A TOR 2BA
9 144
400 BOTTOM @62A
N\
300 =g
..\\
b LS
NS
100 \"-..
NS
Q

~n
o

50 75 %00 125 180 175
Starting T;. Junction Temperature { C)

Fig 12c. Maximum Avalanche Energy
Vs. Drain Current

o Srrant Hoguenic
Same Tope as DALY

I+
"_VBS

Currant Suriiing Fasmiers

Fig 13b. Gate Charge Test Circuit
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intemational
TR Rectifien IRF3205
Peak Diode Recovery dv/dt Test Circuit
-l Circult Layout Considerations
04T A  Low Stray inductanoe
::lj @ » Ground Flane
* Low Leakage Inductance
Current Transformer
eentc
Ay
>
o 2 &
-+ s 17
® o P
,’.‘lf + didt controlied by Ry,
+ Driver same type as DUT. e Vo
+ lgp controtied by Duty Factor ‘D"
+ DT - Device Under Test
G Drbwew Gl Livive
¥
VetV *
it
¥3
@10 U, g Wesestorm
r
e X/ " %m“
@017 iy Wovmhon
M&M .Ew
' )
ABADOH. e — oo
Vil ety it ? ) Formmed Diop
@ Fimaucior Curen
WMM
Riple & 8% ‘:m
*Vgs » 8V for Logie Level Devices
Fig 14. For N-Channel HEXFETS
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Package Outline
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Infernational
TR Rectifier

TO-220AB8 Outline
Dimensions are shown in millimelers (inches)

1A
© iH1

178118
ETTIRLLT] o2 £ B ad | e ELTRICT
Taei i #2301 194} 2l (DAY
] £33 ¢ iy
LR asin) o
¥ 414 g
14 34§ #0bs
ERTRE 11 ‘
E 1L.. —t HRAD ARREKMENTE
i 64T
i . 3 CRAN
+ RGN
- DAR
087 58y
' S0HEU
4 42 400y Leidp:
§431697) Be8TITH
T My wwinen [ Gae 31
WS iain 1 ] MOECREATY O () £ e
i
KO

1 DNEREGN NG & YOTBRARC RG PR Kb v 14 S0+ 080

B GAUILKE £ Ond Qlined YO JKDEC OUNLRE YO S0
§ LR IRSLANG DMERRIC K hOH

4 ARATARK B A RDNAREIRENIR TR 0B R0 WEINDE BuRkE

Part Marking Information

TO-220A8
EXAMPLE . THIS 18 AN IRF1010

WITH ASSEMBLY

LOT CODE §BIM INTERNATIONAL m ~ PART NUMEBER
RECTIFIER TTITITE
he_ 1M DATE CODE
ASSEMBLY PYYVIW)
LOT CODE e 4 s Vi
WW o« WEEK

Data and specifications subject to change without notice
This product has been designed and qualified for the avtomotive [Q101] market,

Qualification Standards can be found on IR's Web site

International
TOR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas 51, El Segundo, California 90245, USA Tel: (310) 252-7105

TAC Fax: (310) 2527903
Visit us at www.irf.corn for sales contact information.01/01
8§
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NME Series

Isolated 1W Single Output DC-DC Converters

Murata Power Solutions

€ E PRI
o nfER § 3 1%
Bl b 3 TR
: &l
% mvp-p MIL. Tel.
ViVIimim Typ. Max Typ. Max » oF kHrs
m In Production
FEATURES NMEOBOSDC 6 5 200 286 12 14 16 40 69 30 3415
NMEDS0OSOC 5 9 111 260 B 9 60 75 77 37 078
= Short circut protection options NMEDSIZDC 5 12 83 256 65 75 50 65 78 3 2208 P
| UL 60950 recognised NMEOSISDC 5 16 67 250 6 75 10 25 80 40 1532
F NMEOSDC 5 24 42 248 55 75 140 180 80 48
8 Single Iecleted outut NMEOSOSSC 5 5 200 286 12 14 16 40 6 30 316
| 1KVDC Isolation 'Hi Pot Test' NMEOSOGSC 5 9 111 260 8 9 60 75 77 37 3078
.mlmm‘we mﬂmn‘ammn‘l NMEOQG12SC § 12 83 256 65 75/ 50 65 78 33 2206 SiP
1 watt load. —40°C to 85°C? NBEDG16SC 6 16 67 250 6 765/10 25 80 40 1632
. NMEOB24SC 5 24 42 248 55 75 140 180 80 48
| |ndustry standard pinout NMEI208DC 12 5 200 117 B 10 12 30 69 33 2493
® 5V, 12V, 15V & 24V input NMEI212DC 12 12 83 14 4 5§ B 2N 76 55 1780 oe
MMEIZISDC 12 15 67 110 3 4 40 55 75 52 1313
B 5V 9V, 12V and 15V output NMEI2086C 12 5 200117 8 10 12 %0 09 33 240
® Fully encapsulated with foroldal magnetics ~ NMET2088C 12 9 111 115 5 55 60 75 T4 48 2311
NMEI2128C 12 12 83 104 4 5 50 65 76 55 1780 siP
= No external components required NMEIZISSC 12 15 67 111 3 4 40 S5 75 52 1313
® Pin compatible with CME, CRE1, CRL2, NMEISISSC 15 15 67 81 25 3 150 82
LME, MEE1, MEE3, NKE & NML NME24SDC 24 5 200 58 B85 10 150 70 40 201
NME2A120C 24 12 83 52 3 4 150 80 78 163 e
DESCRIPTION NMEZAISDC 24 15 67 51 25 3 150 80 79 136
The NME series of DC-DC Converters Is particular- NME2MOSSC 24 5 200 58 85 10 150 70 40 201
Iy suited to isolaing andior converting OC power NME2A12SC 24 12 B3 52 3 4 150 80 78 163 sP
rails. The galvanic isolation allows the device to be NME2416SC 24 156 67 51 25 3 150 80 79 136
configured fo provide an isolated negative rail in Short Circuit Protection Options
systems where only positive rails exist. The wide NMEOSOSSPC S5 5 200 255 95 12 11 26 |75 77 22 288747047 SIP
5 5 200255 05 12 11 25 75 77 22 288747047 DP

temperature range guarantees startup from —40°C ~ NMEDSOSDPC
T R -~
refer 1o output ripple reduction section. The NME

series offers short dircuit protection options (PC)

across the operaling lemperature range. Short

circuits of less than 10 cause the converter to en-

ter a “fodback” limiting mode such that the input INPUT CHARACTERISTICS

cusTorK s approximdely 8SmA for 0505 vavient. Parameles Conditions M. Typ Max Units
Protection is continuous and auto-resetting on Contirucus operation, 5V input types 45 50 55
remoral of the short circut Continuous operation, 12V input types 08 120 12
s Continuous operation, 15V input types 135 15 165
Cortinuous operation, 24V input types 26 24 24
Input short circult current  Short circult variarts 9 mA
, Short circuit variarts 3 15
mﬂnﬂm:)pple 15V inpust type 0 mApp

M other variants’ 2% 48

1. Coloutated using MIL -HOGK-21 7 N2 and lelcordm SH-132 caleutation mode! with nominal input voltage at ful load.
2. NMEAS155C, NME2DOXC prior to dae code X 1635 have operatng tempecature tange of O o 70°C

A, Exchudos 24V input types.

i spacifications typical al Ta=24°C, nominal inget voltage and rated oulput curent unless otherwiso specified




Murata Power Solutions NME Series
Isolated 1W Single Output DC-DC Converters

OUTPUT CHARACTERISTICS

Parameter Conditions Min. Typ. Max. Units
Rated Power Seo derating curves 10 w
Voltage Set Point Accuracy ~ See tolerance envelope
High Vo low Vi ; Al short circuit types 1.16 1.2

e High Vwko low Ve ; Al otfer output types 10 12 b
ISOLATION CHARACTERISTICS
Parameter Conditions Min Typ Max Units
Isolation test voltage Flash tested for 1 second 1000 vDC
Resistance Viso= 1000¥VDC 10 (64]
GENERAL CHARACTERISTICS
Parameter Conditions Min. Typ. Max. Units

5V Input types 110

12V input types 145
Switching frequency 15V input types. 100 kHz

24V input types 100

Short circuit types 0
TEMPERATURE CHARACTERISTICS -
Parameter Conditions Min. Typ Max. Units
Spocification AN outpat types' 40 85
Storage -50 130

S i 5 output types 4 .

Non-short circuit types A otter output type? e C
Case Temperature above amblent

Shost circuit types (DIP) 23

Short circuit types (SIP) 24
Codling Free air convection

ABSOLUTE MAXIMUM RATINGS

Lead tempaerature 1.5mm from case for 10 seconds 260°C
Input voltage Vik, NMEOS types il
Input voltage Vi, NME12 types 15V
Input voltage Vix, NME15 types 18V
Input voltage Vi, NME24 typas 28V
TEMPERATURE DERATING GRAPH
Non-short circuit types': Short circuit types:
1.5 1.5
Y . — S0 e
g :‘*n ’ Pb ;7"”,“, \ g v g 4:?
0.5*-;} al : g 5154 Mk’!
) e 207G 2 A8
0 £ o 1 £oh
-40 0 50 100 150 -40 0 50 100 150
Ambient Temperature (°C) Ambient Temperature (°C)

1. NME 15155C, NME2OXO(C prior to date code X 1635 have opersting temperature range of 0t 70°C
2. Exchudos 24V input types.
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)25 Murata Power Solutions NME Series
Isolated 1W Single Output DC-DC Converters

TECHNICAL NOTES

ISOLATION VOLTAGE
‘Hi Pot Test', ‘Flash Tested", ‘Withatand Voitage', Proof Voltage', ‘Dielectric Withatand Voltage' & Tsolation Test Voltage® are all terrma that relate to the same thing, a test voltage,
applied for a specified time, across a comp: designed o provide ical isolation, to verify the integrity of that isclation.

Murata Power Solutions NME series of DC-DC converters are all 100% production tested at their stated isolation voltage. This is 1kVDC for 1 second.

A question commonly asked is, “What is the continuous voltage that can be applied across the part in normal operation?”

Tha NME haa been recognised by Underwriters Laboratory for functional insulation, both inpist and outpiat should normally be maintained within SELY limits i e less than 42.4V
peak, or GOVDC. The isolation test voltage repr a ol ity to lent voltages and the part should never be used as an element of a safety isolation eystem
The part could be expected fo function commectly with several hundred volts offset applied continuously across the isclation barrier, but then the crcultry an both sides of the barrier
must be regarded as operating at an unsae voltage and further isolation/insulation systems must form a barrier betwean these dircults and any user-accessible droultry according
1o safety standard requirements.

REPEATED HIGH-VOLTAGE ISOLATION TESTING

It is woll known that repeated high-voltage isolation testing of a barrier companent can actually degrade solation capability, 1o a lesser or greater degree depending on materials,
construction and ervironment, The NME series has toroidal isolation transformers, with no additional insulation between primary and secondary windings of enamelled wire. While
parts can be expacted to withstand several times the stated test voltage, the isolation capability doss depand on the wire insulation. Any material, including this enamel (typically
polyurethane) is suscaptible to eventual chemical degradation when subject to very high applied voitages thus implying that the number of tests should be strictly limited. We
therefore strongly advise against repeatad high voltage solaion testing, but if it is absolutely required, that the voltage be reduced by 20% from specified test voltage.

This consideration equally applies 10 agency recognised parts rated for better than hunctional isolation where the wire enamel insul Is always sup d by a further
Inaulation system of physical spacing or barriers.

SAFETY APPROVAL

The NME series has been recognised by Underwriters Laboratory (UL) to UL 60950 for functional insulation in a maxi ambient of 85°C andfor case temperature

limit of 100°C. Case temperature measured on the face opposite the pina.

The NME Series of converters are not intermally fused so to meet the requirements of UL 50950 an anti-surpe input line huse should always be used with ratings as defined below.
NMEOSoC: 0.5A
NME12x00xC: 0254
NME 1 S0 0.24
NME24x0oeC: 0L12A

NI fuses should be UL recognised and rated at 125V
File number E151252 applies.

RoHS COMPLIANCE INFORMATION

/ This series is compatible with RoHS soldering systems with a peak wave sclder temperature of 260°C for 10 seconds. The pin
termination finish on the SIP package type is Tin Plate, Hot Dipped over Matte Tin with Nickel Preplate The DIP types are Matte
Tin over Nickel Preplate. Both types in this series are backward compalible with Sn/Pb soldering systems.
COMPLIANT

For further information, please visit www.murata-ps. com/rohs

118



m Murata Power Solutions NME Series

Isolated 1W Single Output DC-DC Converters

APPLICATION NOTES

Mindmum load

The minkmaum load to meet datasheet specification ks 10% of the full rated load across the specified input voltaga range. Lower than 10% minimum loading will result in
an Increass |n output voltage, which may rise o typically double the spocified output voltage If the output load falls 10 less than 5%

Capacitive loading and stirt up
Typical start up Bimes for this series, with a typical input voltaga rise time of 2.2 and output capacitance of 10yF, are shown in the table below, The product
torios will start info a capacitance of 47pF with an incrossed start lime, however, the meaxdmum recommended output capacitance s 10pF

Start-up time
]
NMEDSO5XC 991 Typical Start-Up Wave Form
NMEQS0OXC 3524
| NMEOS12XC 5630 ’
| NMEDS15XC 7150 " g
NMEOS24XC 19850 ! | '
NME1205XC 082 : !
o ——————

NME 1200XC 2102 i }
NMEAZ12XC 4000 ]

NME1216XC 6103
NME15155C 685

NME2406XC 135
NME2400XC 260
NME24124C 430 \ 1 4 <
NME2415XC 640

NMEOSOSXPC 350

Ripple & Noise Characterisation Method
Ripple and noise measursments are performed with the following test configuration

C1
.2

c3
A1
R2
"
RLOAD

1pF X7R muftilayer ceramic capacitor, voltage rating to be a minimum of 3 times the output voltage of the DC-DC converter

10yF tantadum Mor, voltage rating to be 4 minimum of 1.6 times the output voltage of the DC-DC converter with an FSA of less
than 100m() at 100 kHz

100nF multikryer ceramic capacitor, general purpose

45012 resistos, carbion Blm, +1% (olerance

5001 BNC termination

31 of the comx cable through a ferrite toroid

Resistive load to the maximum power rating of the DC-DC conwerter. Connections should be made via twisted wires

Measured values are multiplied by 10 to obtain the specifed values.
Differential Mode Nolse Test Schematic

L
aea Rm i W2

T ST
g oy _\\TT é

415
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APPLICATION NOTES (continue

Output Ripple Reduction
By using the values of inductance and capacitance stated, the output ripple ot the rated load bs lowered to SmV p-p max
Componont selection

Capacitor 1 is required that the ESR (E quivabent Series Resistance) should be as low as possibile, coramic types are recommended
The voltage rating should bo at least twice (sxcept for 15V output), the rated output voltage of the DC-DC comwerter

Inductor: The rated current of the inductor should not be hess than that of the output of the DC-DC converter, At the rated current, the DC resistance of the inductor
should ba such that the voltage drop across the inductor is <2% of the rated voltage of the DC-DC converter, The SAF (Self Resonant Frequency) should be

>20MHz,
50 o
e €=
DG
Inductor Capaciior

L SMD  Thoughlile O
NMEOS0SXC a7 82473C 11R73C 4. Tuf
NMEOS0AXC 47 82473C 11RTIC T3
NMEOS12XC 68 82683C 11R683C T
NMEQS15XC 100 82104C 11R104C 0.47uF
NMEOE24XC 100 B2104C 11R104C 047
NME 1 205XC 100 82104C TIR104C A Tuf
NME1209XC a7 B2473C 11R473C TuF
NME1212%C 68 B2683C 11RG83C 0.47uF
NME1215%C 100 B2104C 11R104C 04708
NME15155C
NME2405%C
NME2409%C
NME2412%C
NME2415XC

NMEOS05XPC 2 822230 11R223C 1uF
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PACKAGE SPECIFICATIONS

MECHANICAL DIMENSIONS

DIP Package

——] T15a01S QLT +0.008 i—

NME
XXXXDC

..

91215 JLI000M)

£94015 272:0000
|
AD0R05 1206 s 000Y
|
— = 50005 poSo T
- 19O RN
Y.y .
1 ‘.
1 a5 RIAS 0N .]
| 1 s
I
025200 010900000}
el

Al dimensions in mm (nches) Controlfing dimension is mm

SIP Package

—I 1153007 [0 454:0008  |—

KLO040 75 10 W0 00 Y

NME i
YHXXSC F
'Y ™ d ‘f

T

410405 0. 161100000

| KIRE B

@1 posrp -—-—-—l

|

‘
—“—nmmmmmll

rlﬂrﬂhpmll

e e

0131004 ~J

Al pins on a 2.54 (0.100) pitch and within +0.1 (0,004) of tnue position from pin 1 at seating plane 'S'

I
s A
waly [oxe e

Weight: 1.30g (SIF) 1.48g (DIF} 1.5g (SP DIy

PIN CONNECTIONS - 8 PIN DIP

Pin Function
1 Vm

4 +Wu

5 +Vour

& ~Vour

PIN CONNECTIONS - 4 PIN SIP

Pin Function
1 Vi
? +Vn
3 Vo
4 +Vour
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PACKAGE SPECIFICATIONS (continued

RECOMMENDED FOOTPRINT DETAILS
8 Pin DIP Package 4 Pin SIP Package
| 2.54 [0.100] 2.54 [0.100]
S i o o i e S S
‘W“@f%W'xﬁsﬂw¢#rw ot [

1[— ----- —t- Poge] L L& 0 oL
| Ii_'_ _|_ - L _|_+| '_ l|_ - _é___A;T jLu [0.100]
##MH&##jmm -

o S S NN

TUBE OUTLINE DIMENSIONS
8 Pin DIP Tube 4 Pin SIP Tube
120 0A72) ————y
3 [T pp—
o — l. T ~
|
|
!
| ! 145 057)
I 180 0.708]
m w;
| 1
5.0741.1000.20010.04] \—J
L
5.0%5 10,199
—| soje1e7)

Unless: otherwise specified all dimensions in mm (inches) +0.55mm [0.022]
Tube Length (8 Pin DV 520mm [20.472) +2.0 (0.079)
Tube Length (4 Pin SIF) : 520mm (20472) 2.0 (0.079) Tube Quantity : 35
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